we next examined the effect of SP600125 on grafted embryonic DA neurons in vivo, in an animal model of PD. We unilaterally injected the neurotoxin 6-OHDA into the right SNpc of rats to produce a complete ablation of cell bodies as well as fibers and terminals innervating the striatum. Based on previous findings, 20 all animals showing greater than 5 rotations per minute were assumed to have lesions greater than 90% and were selected for transplantation. At 2 weeks post-lesioning, 400 000 VM cells were treated with vehicle or SP600125 and grafted into the striatum of lesioned rats.
we next examined the effect of SP600125 on grafted embryonic DA neurons in vivo, in an animal model of PD. We unilaterally injected the neurotoxin 6-OHDA into the right SNpc of rats to produce a complete ablation of cell bodies as well as fibers and terminals innervating the striatum. Based on previous findings, 20 all animals showing greater than 5 rotations per minute were assumed to have lesions greater than 90% and were selected for transplantation. At 2 weeks post-lesioning, 400 000 VM cells were treated with vehicle or SP600125 and grafted into the striatum of lesioned rats. 20 Animals received daily infusions of vehicle or SP600125 (75 mM) via a cannula in the striatum for 4 days and were killed 7 days post-transplantation. Striatal examination revealed that 100% of the VM grafts survived in animals infused with either vehicle or SP600125. However, total counts of TH þ cells in the grafts of animals infused with SP600125 showed significantly more (231%) DA cells than in the grafts of animals infused with vehicle (mean7S.E.M, 1228573436 and 2840675506, respectively, Figures 1e(i) and (f)). Thus, treatment of cells with SP600125 upon transplantation into 6-OHDA lesioned brains results in a two-fold increase in the survival of grafted DA neurons within the host striatum. Moreover, we found that within 7 days, these cells had adopted a typical bipolar DA phenotype with extensive processes, verifying that the cells incorporated within the host and did not form tumors (Figure 1e (ii)). These results indicate that SP600125 selectively prevents cell death, and does not induce excessive proliferation in vivo. From a clinical viewpoint, our results imply that the amount of DA precursors needed for transplantation in PD could be at least halved by using the SP600125 compound. Taken together, our study indicates that inhibition of apoptotic JNK signaling may contribute to overcome one of the major limitations of current cell replacement strategies in the treatment of PD. Apoptosis regulation in Drosophila has many parallels to vertebrate systems. However, one major difference has been the apparent lack of mitochondrial significance in Drosophila cell death. Several reports have suggested that mitochondrial outer membrane permeabilization does not occur in Drosophila apoptosis and that there is no significant mitochondrial contribution to apoptosis in the fly. [1] [2] [3] [4] [5] [6] However, these findings are based largely, if not exclusively, on studies in cultured S2 cells, which are phagocytic cells derived from embryonic macrophages/hemocytes. 7, 8 The specialized nature of S2 cells prompted us to consider whether they are generally representative of Drosophila cells in their response to apoptotic stimuli. We addressed this question by examining the response of embryonic macrophages to apoptotic signals in situ in the embryo. In keeping with previous accounts, we find that apoptotic S2 cells maintain mitochondrial membrane integrity as measured by CMXRos staining. 4 CMXRos is a mitochondrial-specific label dependent on membrane polarization for uptake.
Mitochondrial membrane depolarization in Drosophila apoptosis

Untreated cells show punctate cytoplasmic staining consistent
Letters to the Editor with mitochondrial labeling (Figure 1a) . The specificity of labeling is demonstrated by treatment with carbonyl cyanide p-trifluoromethoxy-phenylhydrazone (FCCP), a protonophore that depolarizes mitochondria by abolishing the proton gradient across the inner mitochondrial membrane.
9,10 S2 cells continue to stain with CMXRos qat high levels even after exposure to UV irradiation and a recovery period of 6 h (Figure 1a) . However, this is not the case with Drosophila cells in general. Embryos subjected to ectopic hid expression (Figure 1c-e) or UV irradiation (not shown) rapidly lose the capacity to take up CMXRos in nearly all cells. Within 1 h of the initiation of either signal, nearly all cells of the embryo fail to stain with CMXRos. The notable exception is macrophages, which continue to stain at high levels whereas other cell types do not (Figure 1c-d) . These cells are identifiable as macrophages by their stereotypic distribution and enormous size, and by doubly labeling for Croquemort (Figure 1e ), a macrophage-specific cell surface marker. 11, 12 Identical results were obtained using the mitochondrial marker TMRE (not shown).
These findings suggest that macrophages have the capacity to remain healthy in the presence of apoptotic signals that readily affect other cell types. We addressed this possibility by examining the ultrastructure of macrophages in apoptotic embryos by transmission electron microscopy. We found that after 1 h of heat shock-induced hid expression, macrophages in the embryonic head showed no overt signs of apoptosis, while surrounded by apoptotic corpses derived from other cell types (Figure 1f ; Supplementary Figure 1 ). Macrophage chromatin remained uncondensed with the nuclear envelope intact, and membranebound organelles including mitochondria, Golgi and endoplasmic reticulum were clearly visible in the cytoplasm. By contrast, surrounding corpses showed condensed chromatin, degeneration of the nuclear envelope and loss of subcellular organelles (Figure 1f; Supplementary Figure 1) . These results are consistent with observations by us and others that following exposure to UV irradiation, Croquemort-positive cells in the embryo become quite large owing to multiple engulfment events (R Hays, unpublished finding). 11 One would expect macrophages to undergo apoptosis like any other cell type, having been exposed to the same dose of radiation. However, they survive to engulf corpses for a period of at least several hours. These findings suggest that macrophages are uniquely resistant to apoptosis among embryonic cell types, and that S2 cells, an embryonic macrophage line, is not a suitable general model for Drosophila cell death. They further suggest that apoptosis regulation in Drosophila has more in common with vertebrate systems than previously appreciated, and re-shape a large segment of current Drosophila apoptosis models.
